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, , i DESCRIPTION 

PARTIAL OXIDATION REFORMER 



Technical Field 

This invention relates to a partial oxidation reformer 
for reforming hydrocarbon-based feed gas by partial oxidation 
reaction to produce hydrogen for the supply to fuel cells or 
the like. 



Background Art 

In general^ hydrogen can be produced by reforming 
hydrocarbon or methanol. Fuel reforming units for producing 
^ hydrogen through such reforming can be used for fuel cells, 

"^■15 hydrogen engines or the like. 

As a reforming unit of such kind, there is 
conventionally known one which is incorporated into a fuel 
cell system as disclosed in Japanese Unexamined Patent 
Publication No. 11-67256. This fuel reforming unit includes a 
20 fuel reformer loaded with catalyst which exhibits activity to 
partial oxidation reaction, and is designed to introduce feed 
gas into the fuel reformer to produce hydrogen by partial 
oxidation reaction of the feed gas. 

Specifically, in the partial oxidation reaction, feed 
25 gas containing methane, oxygen and water is partially 
oxidized to convert into carbon dioxide and hydrogen as 
expressed in the following chemical formula and heat of 
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reaction is produced during the reaction. 
CH4 + (1/2)02 + H2O -> CO2 + 3H2 

Meanwhile, as another reforming unit of such kind, 
there is known one including a reforming reaction section 
with a structure in which a pipe (housing) is loaded with 
particulate catalysts or a monolith. In this unit, there 
arises the problem that heat of reaction in the reforming 
reaction section, which may be elevated to for example about 
800 °C , is likely to flow outside as heat loss so that 
temperature variations occur in the reforming reaction 
section to deteriorate the efficiency of reaction and thermal 
efficiency. In order to avoid heat of reaction from 
dissipating outside, it is necessary to provide a thick 
thermal insulant around the pipe. 

Further, in order to promote partial oxidation reaction 
of feed gas in the reforming reaction section, it is 
necessary to preheat the feed gas being fed to the reforming 
reaction section to a predetermined temperature (for example, 
4 60°C) and in order to implement such preheating, it is also 
necessary to provide a preheater formed of a heat exchanger. 

An object of the present invention is therefore to 
reduce temperature variations in the reforming reaction 
section, improve the thermal efficiency thereof and provide 
the reformer with a simple and compact construction, by 
contriving the construction of the reformer. 



Disclosure of Invention 
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To attain the above object, in the present invention, 
the reformer is of a double-wall structure type and a 
reforming reaction section and a feed gas passage are 
disposed inside and outside of the inner wall, respectively, 
5 More specifically, the present invention is directed to 

a partial oxidation reformer having a reforming reaction 
section (6) for producing hydrogen-rich reformed gas from 
feed gas by reaction including partial oxidation. In this 
reformer, a feed gas passage (3) through which the feed gas 

10 is supplied to the reforming reaction section (6) is provided 
in the vicinity of the reforming reaction section (6) . 

Thus, the sides of the reforming reaction section (6) 
are covered with the feed gas passage (3) and therefore 
thermally insulated by the feed gas passage (3) . As a result, 

15 temperature variations in the reforming reaction section (6) 
can be reduced. 

Further, conversely, the feed gas in the feed gas 
passage (3) in the vicinity of the reforming reaction section 
(6) is heated by heat of reaction in the reforming reaction 

20 section (6) . Accordingly, the heat of reaction in the 
reforming reaction section (6) can be recovered for the 
purpose of preheating the feed gas. Such self-recovery of 
heat can improve the thermal efficiency of the reformer. 

In addition, since the heat of reaction in the 

25 reforming reaction section (6) heats the feed gas in the feed 
gas passage (3) around the reforming reaction section (6) in 
the above manner, a preheater for preheating the feed gas can 
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be formed integrally between the feed gas passage (3) and the 
reforming reaction section (6) , This makes the construction 
of the reformer simple and compact- 

Alternatively, in a partial oxidation reformer of the 
5 present invention which has a reforming reaction section (6) 
for producing hydrogen-rich reformed gas from feed gas by 
reaction including partial oxidation/ a heat exchanger (14) 
is provided for exchanging heat between the reformed gas in a 
reformed gas passage (11) communicating with an outlet (6b) 

10 of the reforming reaction section (6) and the feed gas in a 
feed gas passage (3) communicating with an inlet (6a) of the 
reforming reaction section (6) . 

Thus, the feed gas in the feed gas passage (3) which 
should be supplied to the reforming reaction section (6) is 

15 heated in the heat exchanger (14) through the heat exchange 
with the reformed gas heated to a high temperature by heat of 
reaction in the reforming reaction section (6) . Accordingly, 
the heat of reaction in the reforming reaction section (6) 
can be recovered for the purpose of preheating the feed gas 

20 and such self-recovery of heat can improve the thermal 
efficiency of the reformer. 

In addition, since the heat of reaction in the 
reforming reaction section (6) heats the feed gas in the feed 
gas passage (3) in the above manner, a preheater for 

25 preheating the feed gas is formed integrally between the feed 
gas passage (3) and the reformed gas passage (11) , This makes 
the construction of the reformer simple and compact. 



The reforming reaction section (6) and the feed gas 
passage (3) may be provided integrally in a housing (1) . This 
further simplifies the construction of the reformer, 
resulting in cost reduction. 

A heat transfer rate control member (10) can be 
provided for controlling the rate of heat transfer between 
the reforming reaction section (6) and the feed gas passage 
(3) . Thus, the rate of heat exchange between the reforming 
reaction section (6) and the fuel gas in the feed gas passage 
(3) can be properly controlled by the heat transfer rate 
control member (10), and the control over the rate of heat 
exchange can reduce temperature variations in the reforming 
reaction section (6) . 

In this case, the heat transfer rate control member 
(10) may be of fire-resistant thermal insulant. This easily 
provides a specific structure of the heat transfer rate 
control member (10) . 

The feed gas passage (3) may be provided in the 
vicinity of a reformed gas passage (11) communicating with an 
outlet (6b) of the reforming reaction section (6), and a heat 
exchanger (14) may be provided for exchanging heat between 
the feed gas in the feed gas passage (3) and the reformed gas 
in the reformed gas passage (11) . Also in this case, the heat 
exchanger (14) is integrally formed as a preheater for 
preheating the feed gas between the feed gas passage (3) and 
the reformed gas passage (11), thereby making the 
construction of the reformer simple and compact. 
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The heat exchanger (14) preferably includes heat 
transfer fins (15)/ (16) that are presented to the feed gas 
passage (3) and the reformed gas passage (11) / respectively, 
and extend along respective gas flows in the feed and 
5 reformed gas passages. Thus, gas pressure loss in the heat 
exchanger (14) can be reduced and the heat exchanger (14) can 
be compacted. 

Further, the heat exchanger (14) may include porous 
4f materials (24), (25) (such as metallic foamed materials or 

P 10 ceramics foams) located in the feed gas passage (3) and the 
reformed gas passage (11), respectively. With this structure, 
heat exchange can be made by heat radiation through the 
O porous materials (24), (25). This easily provides a specific 

'W structure of the heat exchanger (14) . 

O 15 Furthermore, the reforming reaction section (6) , the 

feed gas passage (3) , the reformed gas passage (11) and the 
heat transfer rate control member (10) may be provided 
integrally in a housing (1) . Thus, the construction of the 
reformer can be further simplified, resulting in cost 
20 reduction. 

The reforming reaction section (6) may be formed of a 
monolith (7) with a honeycomb structure. This provides the 
reforming reaction section (6) with a desirable structure. 

The feed gas passage (3) may include a mixer for mixing 
25 components of the feed gas. In this case, the components of 
the feed gas are mixed by the mixer so that partial oxidation 
reaction can be efficiently effected in the reforming 



reaction section (6) . 

The heat exchanger (14) is preferably a parallel flow 
heat exchanger in which the feed gas in the feed gas passage 
(3) and the reformed gas in the reformed gas passage (11) 
flow in the same direction from inlet to outlet. 

With this arrangement, even if the gas flow rate 
changes in the reforming reaction section (6) due to a load 
variation, the gas temperatures at the inlet and outlet of 
the reforming reaction section (6) can be each held 
substantially at a constant value without being affected by 
the change in gas flow rate. That is to say, since the amount 
of heat exchange in the heat exchanger (14) is constant, for 
a heat exchanger of the type which causes the feed gas and 
the reformed gas to flow in opposite directions from inlet to 
outlet, the heat exchange rate becomes excessive on reduction 
in gas flow rate so that the feed gas temperature at the 
inlet may rise excessively while the reformed gas temperature 
at the outlet may drop excessively. In contrast, for the 
parallel flow heat exchanger (14), there never arise such a 
problem. 

The heat transfer fins (15), (16) may be bent in a 
corrugated shape. In this case, the heat transfer fins (15), 
(16), that is, the heat exchanger (14), can be easily 
manufactured. 

The heat transfer fins (15), (16) may be fixed to 
surrounding walls by brazing. With this arrangement, the 
contact thermal resistance of the heat transfer fins (15), 
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(16) to the surrounding walls is reduced thereby ensuring 
stable heat exchange performance with volume production. 

The heat transfer fins (15), (16) may be each formed 
with slits (17). In this case, even if the gas passages (3), 
(11) are each divided into two sub-passages located at a heat 
transfer surface side thereof and its opposite side by the 
heat transfer fins (15), (16) in the heat exchanger (14), 
gases in both the sub-passages are mixed through the slits 

(17) . This enables sufficient heat exchange of the gas in the 
opposite side sub-passage and provides high heat transfer 
performance at corners of the slit (17) . Accordingly, heat 
exchange characteristics of the heat exchanger (14) can be 
improved. 

The feed gas passage (3) may be provided at a portion 
thereof upstream from the heat exchanger (14) with a heat 
recovery section (34) formed of a substantially annular space 
which is located away from the reforming reaction section (6) 
or the heat exchanger (14) to surround at least one of the 
reforming reaction section (6) and the heat exchanger (14) . 

With this arrangement, heat dissipating from the 
reforming reaction section (6) to the surroundings can be 
recovered by the heat recovery section (34) to heat the feed 
gas. As a result, the heat loss of the entire partial 
oxidation reformer can be reduced so that the feed gas 
temperature at the inlet (6a) of the reforming reaction 
section (6) can be held at a temperature at which excellent 
catalytic reaction can be maintained in the reforming 



reaction section (6) . 

A heat transfer rate control member (22) may be 
interposed between the heat recovery section (34) and the 
reforming reaction section (6) or the heat exchanger (14) . 
With this arrangement, the distance between the heat recovery 
section (34) and the reforming reaction section (6) or the 
heat exchanger (14) can be decreased thereby enabling 
compaction of the partial oxidation reformer with the 
provision of the heat recovery section (34) . 

Further, the heat recovery section (34) and the heat 
exchanger (14) may be communicated with each other through a 
single or plurality of communication passages (32) . This 
simplifies the construction of the partial oxidation reformer 
and facilitates insertion of the heat transfer rate control 
member (22) to be interposed between the heat recovery 
section (34) and the reforming reaction section (6) or the 
heat exchanger (14), thereby facilitating fabrication of the 
partial oxidation reformer. 

The reformed gas passage (11) may be provided in the 
vicinity of the reforming reaction section (6) to communicate 
the outlet (6b) of the reforming reaction section (6) with 
the heat exchanger (14) therethrough. 

With this arrangement, the periphery of the reforming 
reaction section (6) is covered with the reformed gas passage 
(11) so as to be thermally insulated. Accordingly, the 
temperature in the reforming reaction section (6) can be held 
at catalytic reaction temperatures. 
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addition, since the reformed gas passage (11) 
leading from the outlet (6b) of the reforming reaction 
section (6) to the heat exchanger (14) is integrally formed 
around the reformed reaction section (6) in the above manner, 
this makes the construction of the reformer simple and 
compact • 

Further, the reforming reaction section (6) may be 
divided into a first reaction section (43) and a second 
reaction section (44), the second reaction section (44) being 
provided in the vicinity of the first reaction section (43) 
to communicate at an inlet thereof with an outlet of the 
^ first reaction section (43) , and the first and second 
reaction sections (43), (44) may have gas flows in opposite 
directions . 

Also in this case, the periphery of the first reaction 
section (43) of the reforming reaction section (6) is covered 
with the second reaction section (44) so as to be thermally 
insulated. Accordingly, the temperature in the reforming 
reaction section (6) can be maintained. In addition, since 
the reforming reaction section (6) itself has a double-wall 
structure, the reformer can have a simple and compact 
construction. 

In each of the above arrangements, a heating means (20) 
may be provided for heating the feed gas at start-up. With 
this arrangement, the feed gas can be preheated exclusively 
at the start-up of the reformer, thereby reducing the start- 
up time of the reformer. 
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Brief Description of Drawings 

Figure 1 is a cross-sectional view illustrating a 
partial oxidation reformer according to Embodiment 1 of the 
present invention , 

Figure 2 is a cross-sectional view taken along the line 

II- II of Figure 1. 

Figure 3 is a cross-sectional view taken along the line 

III- III of Figure 1. 

Figure 4 is a corresponding view of Figure 2 which 
shows Embodiment 2 . 

Figure 5 is a corresponding view of Figure 3 which 
shows Embodiment 3. 

Figure 6 is a corresponding view of Figure 2 which 
shows Embodiment 4 , 

Figure 7 is a cross-sectional view showing essential 
part of Embodiment 4, 

Figure 8 is a cross-sectional view of a reformer 
showing Embodiment 5, 

Figure 9 is a cross-sectional view taken along the line 
IX-IX of Figure 8. 

Figure 10 is an enlarged front view showing in a 
developed manner a heat transfer fin with slits. 

Figure 11 is an enlarged cross-sectional view of the 
heat transfer fin with slits. 

Figure 12 is a corresponding view of Figure 8 which 
shows Embodiment 6. 
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Figure 13 is a corresponding view of Figure 8 which 
shows Embodiment 7 . 

Figure 14 is a cross-sectional view taken along the 
line XIV-XIV of Figure 13. 

Figure 15 is a corresponding view of Figure 8 which 
shows Embodiment 8 . 

Figure 16 is a corresponding view of Figure 8 which 
shows Embodiment 9* 

Figure 17 is a corresponding view of Figure 8 which 
shows Embodiment 10. 

Figure 18 is a corresponding view of Figure 8 which 
shows Embodiment 1 1 , 

Best Mode for Carrying Out the Invention 

The best mode for carrying out the invention will be 
described below as embodiments. 
(Embodiment 1) 

Figure 1 illustrates a partial oxidation reformer (A) 
according to Embodiment 1 of the present invention, wherein 

(1) denotes a housing (1) in the shape of a bottomed 
rectangular tube. Inside the housing (1), a pair of opposed 
partitions (2), (2) are disposed to divide the internal space 
thereof into one inner subspace and two outer subspaces, and 
both the partitions (2), (2) are formed integrally with the 
housing (!) (see Figures 2 and 3), In each of the partitions 

(2) , one end thereof located on its housing (1) bottom side 
(upper side in Figure 1) is cut away so that the inner and 
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outer subspaces communicates with each other, and the 
communicating part between the inner and outer subspaces and 
both the outer subspaces themselves constitute a feed gas 
passage (3) . In the feed gas passage (3) , one end of each of 
the outer subspaces located on its housing (1) opening side 
(lower side in Figure 1) provides a feed gas inlet (4) . This 
feed gas inlet (4) is connected to a feed gas pipe located 
externally to the figure and arranged to supply the feed gas 
(containing city gas and moist air) fed past the feed gas 
pipe to the feed gas passage (3) between the housing (1) and 
each of the partitions (2) therethrough. 

At a housing (1) bottom side of the inner subspace 
between the partitions (2), (2), a reforming reaction section 
(6) is provided for reforming the feed gas to produce 
hydrogen-rich reformed gas from the feed gas by reaction 
including partial oxidation. An inlet (6a) of the reforming 
reaction section (6) located on its housing (1) bottom side 
is communicated with the feed gas passage (3) at a position 
corresponding to the housing (1) bottom. In other words, the 
feed gas passage (3) for supplying the feed gas to the 
reforming reaction section (6) is disposed partially around 
the reforming reaction section (6), and the reforming 
reaction section (6) and the feed gas passage (3) are 
provided integrally in the housing (1) . 

The reforming reaction section (6) is formed of a 
monolith (7) with a honeycomb structure which is fitted 
between the partitions (2), (2) as shown in Figure 3. In this ^ 
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monolith (7), a large number of through holes passing through 
the monolith in an axial direction of the housing (1) (the 
vertical direction in Figure 1) provide a gas passage (8) . 
The monolith (7) is made for example from ceramics or 
aluminium, and noble metal catalyst comprising at least 
either Pt, Rh or Ru is supported on the monolith (7) as a 
support. The feed gas is reformed into hydrogen-rich reformed 
gas by undergoing partial oxidation reaction, as is expressed 
in the following chemical formula, with the catalyst while 
passing through the gas passage (8) of the monolith (7) , 
CH4 + (1/2)02 + H2O -> CO2 + 3H2 

Further, in the inner subspace between the partitions 
(2), (2), a pair of heat transfer rate control members (10), 
(10) of fire-resistant thermal insulant are disposed so as to 
be fitted in gas-tight manner on both sides of the reforming 
reaction section (6) , Each of these heat transfer rate 
control members (10) controls the rate of heat transfer 
between the reforming reaction section (6) and the feed gas 
passage (3) . 

Meanwhile, a portion of the inner subspace between the 
partitions (2), (2) located on its housing (1) opening side 

(lower side in Figure 1) is formed into a reformed gas 
passage (11) which communicates with the outlet (6b) of the 
reforming reaction section (6), and allows the reformed gas 
produced from the feed gas in the reforming reaction section 

(6) to flow through the reformed gas passage (11) , 
Accordingly, the feed gas passage (3) is disposed in the 
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vicinity of the reformed gas passage (11) which communicates 
with the outlet (6b) of the reforming reaction section (6) . 
Further, the reforming reaction section (6) , the feed gas 
passage (3), the reformed gas passage (11) and the heat 
5 transfer rate control members (10) , (10) are formed 
integrally in the housing (1) . One end of the reformed gas 
passage (11) located on its housing (1) opening side provides 
a reformed gas outlet (12), and the reformed gas outlet (12) 

% is connected to a fuel cell or the like through a reformed 

2 10 gas pipe located externally to the figure. 

7a Furthermore, as shown in Figure 2, a heat exchanger 

^.J (14) is provided for exchanging heat between the feed gas in 

Ipi the feed gas passage (3) and the reformed gas in the reformed 

'm passage (11) . The heat exchanger (14) has a plurality of 

S 15 feed gas side heat transfer fins (15), (15), extending in 
parallel with each other from each of the partitions (2) so 
as to be presented to the feed gas passage (3) and a 
plurality of reformed gas side heat transfer fins (16) , (16) , 
... extending in parallel with each other so as to be presented 
20 to the reformed gas passage (11) . The feed gas passage (3) 
also includes a mixer consisting of the plurality of feed gas 
side heat transfer fins (15) , (IS) , and the mixer mixes 

components of the feed gas supplied to the reforming reaction 
section (6), that is, city gas and moist air, by stirring. 
25 Moreover, an electric heater (20) as a heating means is 

attached to the bottom of the housing (1) with its heating 
section presented to the feed gas passage (3) inside of the 
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housing (1) . This heater f20) is operated to heat (preheat) 
the feed gas to a predetermined temperature at the start-up 
of the reformer (A) , It is to be noted that instead of the 
electric heater (20), a glow plug may be provided or means 
such as a burner for igniting the feed gas itself into 
combustion can be provided. Further, in Figures 1 to 3, (22) 
denotes a thermal insulator for covering the outer periphery 
of the housing (1) for thermal insulation. 

According to this embodiment, during steady-state 
operation of the reformer (A), the feed gas (containing city 
gas and moist air) fed through the feed gas pipe is 
introduced into the housing { 1 ) through the feed gas inlet 
(4) and then supplied to the feed gas passage (3) between the 
housing (1) and each of the partitions (2) . Since the feed 
gas side heat transfer fins (15), (15), ... of the heat 
exchanger (14) are presented to the feed gas passage (3) and 
the reformed gas side heat transfer fins (16), (16), ... of the 
heat exchanger (14) are presented to the reformed gas passage 
(11) between the partitions (2), (2), the heat exchanger (14) 
heat-exchanges the feed gas and the reformed gas so that the 
feed gas is preheated to a predetermined temperature (for 
example, 460*^0 ) by receiving heat from the reformed gas. In 
addition, during the time, the mixer consisting of the feed 
gas side heat transfer fins (15), (15), ... of the heat 
exchanger (14) mixes the city gas and moist air contained in 
the feed gas by stirring. 

The feed gas preheated through the heat exchange with 
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the reformed gas in this manner flows through the f^ed gas 
passage (3) toward the housing (1) bottom, during the time 
heat of reaction in the reforming reaction section (6) is 
transferred to the feed gas via the heat transfer rate 
control member (10) (thermal insulant) and the partition (2), 
and the heat transfer further heats up the feed gas. 

The feed gas having passed through the feed gas passage 
(3) flows into the reforming reaction section (6) through the 
inlet (6a) located on the housing (1) bottom side thereof, 
reacts with the catalyst in the gas passage (8) in the 
monolith (7) of honeycomb structure and is thereby reformed 
into hydrogen-rich reformed gas. 

During the time, the mixer mixes the city gas and moist 
air in the feed gas so that partial oxidation reaction in the 
reforming reaction section (6) can be efficiently made. 

Further, the heat of reaction in the reforming reaction 
section (6) is transferred via the heat transfer rate control 
member (10) and the partition (2) to the feed gas 
consecutively flowing through the feed gas passage (3) . In 
addition, the heat transfer rate control member (10) controls 
the rate of heat transfer between the reforming reaction 
section (6) and the surrounding feed gas passage (3) , which 
enables proper control over the rate of heat exchange for 
causing the heat of reaction in the reforming reaction 
section (6) to heat the fuel gas in the feed gas passage (3) . 
Conversely, the control over the heat transfer rate enables 
reduction in temperature variation in the reforming reaction 
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section f6) and thereby provides further efficient progress 
of partial oxidation reaction in the reforming reaction 
section (6) . 

The high-temperature reformed gas produced from the 
feed gas in the reforming reaction section (6) flows through 
the outlet {6b) of the reforming reaction section (6) into 
the reformed gas passage (11) located between the partitions 
(2) , (2) and on the housing (1) opening side thereof,, is 
discharged from the reformed gas passage (11) to the reformed 
gas pipe through the reformed gas outlet (12), and is then 
supplied to the fuel cell or the like. Since the reformed gas 
side heat transfer fins (16) , (16) , ... of the heat exchanger 
(14) are presented to the reformed gas passage (11), the heat 
of the reformed gas is recovered by the heat exchanger (14) 
and transferred to the feed gas, which consecutively flows 
through the feed gas passage (3) , via the feed gas side heat 
transfer fins (15), (15), 

In this embodiment, since the feed gas passage (3) is 
provided in the vicinity of the reforming reaction section 
(6) as described above, the sides of the reforming reaction 
section (6) are covered with the feed gas passage (3) so as 
to be thermally insulated by the feed gas passage (3) , which 
further reduces temperature variations in the reforming 
reaction section (6) , 

Further, conversely, since the feed gas in the feed gas 
passage (3) in the vicinity of the reforming reaction section 
(6) is heated by the heat of reaction in the reforming 
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reaction section (6), the heat of reaction in the reforming 
reaction section (6) can be recovered for the purpose of 
preheating the feed gas and this self-recovery of heat can 
improve the thermal efficiency of the reformer (A) , 

In addition, since the feed gas in the feed gas passage 
(3) in the vicinity of the reforming reaction section (6) is 
heated by the heat of reaction in the reforming reaction 
section (6) in the above manner, a preheater for preheating 
the feed gas is formed integrally between the feed gas 
passage (3) and the reforming reaction section (6), which 
simplifies and compacts the construction of the reformer (A) . 

Moreover, since the reforming reaction section (6) and 
the feed gas passage (3) are formed integrally in the housing 

(I) , this further simplifies the construction of the reformer 
(A) , resulting in const reduction. 

Further, since the feed gas passage (3) is provided in 
the vicinity of the reformed gas passage (11) communicating 
with the outlet (6b) of the reforming reaction section (6) 
and the feed gas in the feed gas passage (3) is heat- 
exchanged with the reformed gas in the reformed gas passage 

(II) by the heat exchanger (14), the heat exchanger (14) is 
formed integrally between the feed gas passage (3) and the 
reformed gas passage (11), which provides the reformer (A) 
with a simple and compact construction. 

Furthermore, since the reforming reaction section (6), 
the feed gas passage (3), the reformed gas passage (11) and 
the heat transfer rate control members (10), (10) are 
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provided integrally in the housing (1), the construction of 
the reformer (A) can be further simplified, resulting in cost 
reduction . 

Further, upon start-up of the reformer (A) , the 
electric heater (20) is operated to heat the feed gas in the 
feed gas passage (3) up to an active temperature of the 
catalyst in the reforming reaction section (6) , This reduces 
the start-up time of the reformer (A) until it comes into 
steady-state operation, 
(Embodiment 2) 

Figure 4 shows Embodiment 2 of the present invention 
(note that in each of embodiments hereinafter described like 
parts as in Figures 1 to 3 are designated by like reference 
characters and the description thereof is omitted) , wherein 
the construction of Embodiment 1 is changed in the shapes of 
a housing (1) and partitions (2), (2). 

Specifically, in this embodiment, the housing (1) and 
the partition (2) are each formed in a cylindrical shape so 
as to be disposed concentrically, an annular outside subspace 
around the partition (2) is formed into a feed gas passage 
(3), and an inner subspace is provided with a reforming 
reaction section (6), a heat transfer rate control member 
(10) and a reformed gas passage (11) . It is to be noted that 
a monolith (7) of the reforming reaction section (6) is 
cylindrical and the heat transfer rate control member (10) is 
annular, although they are not shown. 

Further, feed gas side heat transfer fins (15), (15), 



21 

of the heat exchanger (14) are extended from the outer 
periphery of the partition (2), while reformed gas side heat 
transfer fins (16), (16), ... are extended from the inner 
surface of the partition (2) to divide the reformed gas 
passage (11) into plural sections. 

Accordingly, also in this embodiment, the same effects 
as those of Embodiment 1 can be exhibited. In particular, 
since the feed gas passage (3) is located all around both the 
reforming reaction section (6) and the reformed gas passage 
(11), this provides the effects of reduction in temperature 
variations and improvement in thermal efficiency more 
effectively, 
(Embodiment 3) 

Figure 5 shows Embodiment 3, wherein the structure of 
the surroundings of a reforming reaction section (6) is 
changed. Specifically, in this embodiment, a housing (1) and 
a partition (2) are each formed in the shape of a rectangular 
tube, like Embodiment 1 (see Figure 1) . Further, an outer 
subspace located all around a portion of the partition (2) 
corresponding to a reforming reaction section (6) provides a 
feed gas passage (3) . An inner subspace is provided with the 
reforming reaction section (6) having a prismatic monolith 
(7) and a heat transfer rate control member (10) in 
rectangular tube shape which is located around the reforming 
reaction section (6) . Other structures are the same as those 
of Embodiment 1. Accordingly, also in this embodiment, the 
same effects as those of Embodiment 1 can be exhibited. 
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(Embodiment 4) 

Figures 6 and 7 show Embodiment 4- In embodiment 2, the 
heat exchanger (14) includes the heat transfer fins (15), 
(16) . In contrast, the reformer of this embodiment includes 
porous materials located in a feed gas passage (3) and a 
reformed gas passage (11), respectively. 

Specifically, in this embodiment, the feed gas side 
heat transfer fins (15), (15), ... and the reformed gas side 
heat transfer fins (16), (16), .„ in the construction of 
Embodiment 2 (see Figure 4) are omitted. Instead of this, in 
the feed gas passage (3) , a cylindrical feed gas side porous 
material (24) formed for example of metallic foamed material 
or ceramics foam is disposed between the inner periphery of 
the housing (1) and the outer periphery of the partition (2) 
with spaces (both of which constitute the feed gas passage 
(3) ) interposed therebetween, so that the feed gas flows from 
a portion of the feed gas passage (3) outside of the feed gas 
side porous material (24) through the porous material (24) to 
a portion of the feed gas passage (3) inside of the porous 
material (24) . 

On the other hand, in the reformed gas passage (11), a 
similar reformed gas side porous material (25) is provided 
with a space (reformed gas passage (11)) left inside of the 
inner periphery of the partition (2), so that the reformed 
gas flows from a portion of the reformed gas passage (11) 
inside of the reformed gas side porous material (25) through 
the porous material (25) to a portion of the reformed gas 
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- - passage (11) outside of the porous material (25) . Further, 
heat exchange is made between the feed gas in the feed gas 
passage (3) and the reformed gas in the reformed gas passage 
(11) by heat radiation from the porous materials (24) , (25) , 
5 Other structures are the same as those of Embodiment 2. 
Accordingly, also in this embodiment, the same effects as 
those of Embodiment 2 can be obtained, 
{ Embodiment 5 ) 

^; Figure 8 shows Embodiment 5 (note that in each 

^ 10 embodiment of Embodiment 5 and later, i.e., in Embodiments 5 
to 11, the terms ^^upper" and "top" and the terms "lower" and 
'"'^^ "bottom" respectively refer to the upper side and lower side 

■'5; in each of the drawings and do not define the vertical 

'L^J direction of the partial oxidation reformer (A) itself) . In 

W "15 Embodiment 5, a housing (1) is substantially in the shape of 
a closed cylinder, and the upper end of the housing (1) is 
formed into a reformed gas outlet (12) , In a lower portion of 
the inner space of the housing (1) , a partition (2) 
substantially in closed cylinder shape is fixedly disposed in 
20 concentric relation with the housing (1) such that a 
clearance is left between both the bottom walls of the 
partition (2) and the housing (1) . The inner space of the 
partition (2) is divided into upper and lower subspaces by an 
inlet side divider (27) , and a reforming reaction section (6) 
25 is contained in the lower subspace. Further, the bottom wall 
of the partition (2) and the inlet side divider (21) each 
have a large number of gas holes (28), (28), formed 
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therethrough. 

The upper portion of the housing (1) is provided in a 
double-wall structure consisting of an inner wall part (la) 
located in the same level as the lower portion of the housing 
(1) and an outer wall part (lb) connected to the inner wall 
part (la) in gas-tight manner so as to be spaced a distance 
away from the outer periphery of the inner wall part (la) , As 
a result, an annular space is created between both the wall 
parts (la), (lb)* The space between both the wall parts (la), 
(lb) of the housing (1) is communicated with the upper 
subspace inside of the partition (2) through a communication 
passage (30) in a communication pipe (29) bridged between the 
upper end of the partition (2) and the inner wall part (la) 
of the housing (1) so as to pass through them in gas-tight 
manner . 

On the other hand, the lower end of the outer wall part 
(lb) of the housing (1) is connected in gas-tight manner and 
fluid communication to the inner ends of a plurality of (two 
in the illustrated example) communication pipes (31), (31), 
located at circumf erentially equally spaced intervals. A 
communication passage (23) in each of the communication pipes 
(31) is communicated with the lower end of the space between 
both the inner and outer wall parts (la), (lb) of the housing 
(1) . Further, the communication passages (32) in the 
communication pipes (31), the space between both the wall 
parts (la), (lb) of the housing (1), the communication 
passage (30) in the communication pipe (29) and the upper 
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subspace inside of the partition (2) constitute a downstream 
half of the feed gas passage (3), and the space between both 
the bottom walls of the housing (1) and the partition (2) and 
the space between the outer periphery of the partition (2) 
and the inner periphery of the housing (1) constitute a 
reformed gas passage (11) communicating with the outlet (6b) 
of the reforming reaction section (6) . The feed gas from the 
after-mentioned heat recovery section (34) is supplied to the 
space between both the wall parts (la), (lb) of the housing 
(1) through each of the communication passages (32), 
introduced from the upper end of the space into the upper 
subspace inside of the partition (2) through the 
communication passage (30), and then supplied to the inlet 
(6a) at the upper end of the reforming reaction section (6) 
through the gas holes (28), (28), ... in the inlet side divider 

(27) . Further, the reformed gas produced by reforming in the 
reforming reaction section (6) exits from the outlet (6b), 
flows through the space between both the bottom walls of the 
partition (2) and the housing (1) through the gas holes (28), 

(28) , ... in the bottom wall of the housing (1) and is then 
supplied to the reformed gas outlet (12) at the upper end of 
the housing (1) through the space between the outer periphery 
of the partition (2) and the inner periphery of the housing 
(1) . 

Between the reformed gas passage (11) communicating 
with the outlet (6b) of the reforming reaction section (6) 
and the feed gas passage (3) communicating with the inlet 
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(6a) of the reforming reaction section (-6), a heat exchanger 
(14) is provided for heat-exchanging the reformed gas in the 
reformed gas passage (11) and the feed gas in the feed gas 
passage (3) . This heat exchanger (14) consists of a finned 
heat exchanger with heat transfer fins (15), (16) which are 
presented to the feed gas passage (3) and the reformed gas 
passage (11), respectively, and extend along gas flows 
passing thereinside. Specifically, the feed gas side heat 
transfer fin (15) is fixedly connected between the outer 
periphery of the inner wall part (la) and the inner periphery 
of the outer wall part (lb) of the housing (1) so as to be 
presented to the feed gas passage (3) at a position lower 
than the connecting position of the communication passage 
(30) . Further, the reformed gas side heat transfer fin (16) 
is fixedly connected between the outer periphery of the 
partition (2) and the inner periphery of the inner wall part 
(la) of the housing (1) so as to be presented to the reformed 
gas passage (11) at a position corresponding to the feed gas 
side heat transfer fin (15) . As shown in enlarged manner in 
Figure 9, each of the heat transfer fins (15), (16) is bent 
in a corrugated shape. Further, each bent portion of the feed 
gas side heat transfer fin (15) is fixed by brazing to the 
inner periphery of the outer wall part (lb) and the outer 
periphery of the inner wall part (la) of the housing (1), 
while each bent portion of the reformed gas side heat 
transfer fin (16) is fixed by brazing to the outer periphery 
of the partition (2) and the inner periphery of the inner 
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wall part (la) of the housing (1) . 

According to the above arrangement, the heat exchanger 
(14) takes the form of a parallel ^flow type one in which the 
feed gas in the feed gas passage (3) and the reformed gas in 
the reformed gas passage (11) both flow in the same direction 
from the inlet side (lower side in Figure 8) to the outlet 
side (upper side in the same figure) of the heat transfer 
fins (15), (16), Further, the portion of the feed gas passage 
(11) which communicates the heat exchanger (14) with the 
outlet (6b) of the reforming reaction section (6) is provided 
around the reforming reaction section (6) . 

Furthermore, the heat recovery section (34) formed of 
an annular space is disposed around the housing (1) and 
spaced predetermined distances away from the reforming 
reaction section (6) and the heat exchanger (14) so as to 
surround them. In other words, a cylinder (35) with a length 
substantially from the bottom end of the housing (1) to the 
top end of the partition (2) is disposed concentrically 
around the housing (1) . The cylinder (35) consists of 
concentrically a^^ranged cylindrical inner and outer sidewalls 
(35a), (35b) of different diameters and„ top and bottom walls 
(35c) , (35d) in annular shape for closing upper and lower 
openings of an annular space between both the Sidewalls (35a) , 
(35b) in gas-tight manner. The space surrounded by the .inner 
and outer sidewalls {35a), (35b) and top and bottom walls 
(35c), (35d) constitutes the heat recovery section (34), 
Further, the inner sidewall (35a) is fixedly connected at its 
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substantially vertically midportion in fluid communication to 
the outer end of each of the communication pipes (31) which 
is fixedly connected at its inner end to the lower end of the 
outer wall part (lb) of the housing (1) . On the other hand, 
the lower end of the outer sidewall (35b) is communicated 
with a feed gas inlet (4) inside of a fed gas entrance pipe 
(37) . Portions from the feed gas inlet (4) to the heat 
recovery section (34) constitute an upstream half of the feed 
gas passage (3) . Accordingly, the heat recovery section (34) 
is provided in a portion of the feed gas passage (3) upstream 
from the heat exchanger (14) so as to surround the reforming 
reaction section (6) and the heat exchanger (14) while being 
spaced away therefrom. Furthermore, the heat recovery section 
(34) and the heat exchanger (14) are communicated with each 
other through the plurality of communication passages (32), 
(32), The distance between the reforming reaction section 

(6) and the heat recovery section (34) is set, for example, 
such that when the outer diameter dl of the lower portion of 
the housing (1) is 60.5 mm, the inner diameter d2 of the 
inner sidewall (35a) of the cylinder (35) is 134.2 mm. 

Further, the housing (1), the communication pipes (31), 
the cylinder (35) and the feed gas entrance pipe (37) are all 
embedded into a thermal insulator (22) as a heat transfer 
rate control member of ceramic wool or the like. Accordingly, 
the thermal insulator (22) functioning as a heat transfer 
rate control member is interposed between the heat recovery 
section (34) and both the reforming reaction section (6) and 
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the heat exchanger (14), more specif ically, - between the inner 
periphery of the inner sidewall (35a) of the cylinder (35) 
and the outer periphery of the housing (1) , 

According to this embodiment, the feed gas introduced 
into the feed gas inlet (4) is supplied to the heat recovery 
section (34) inside of the cylinder (35), and then introduced 
from the heat recovery section (34) through each of the 
communication passages (32) into the lower portion of the 
space between the inner and outer wall parts (la), (lb) of 
the housing (1) . The feed gas introduced into the space 
passes through the clearances of the feed gas side heat 
transfer fin (IS) of the heat exchanger (14) toward the upper 
end of the space between the wall parts (la), (lb) while 
being heated by heat exchange with the reformed gas, is 
supplied from the upper end of the space through the 
communication passage (30) to the upper subspace inside of 
the partition (2), passes through the gas holes (28), (28), 
of the inlet side divider (27) from the upper subspace, is 
introduced into the reforming reaction section (6) through 
the inlet (6a), and is reformed into hydrogen-rich reformed 
gas by reaction including partial oxidation with the catalyst 
therein. The reformed gas having exited from the outlet (6b) 
of the reforming reaction section (6) passes through the gas 
holes (28), (28), ... in the bottom wall of the partition (2), 
moves to the space between both the bottom walls of the 
housing (1) and the partition (2), flows into the heat 
exchanger (14) through the space (reformed gas passage (11)) 
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around the partition (2) which corresponds to the reforming 
reaction section (6) , is supplied to the reformed gas outlet 
(12) past the clearances of the reformed gas side heat 
transfer fin (16), and releases heat in the heat exchanger 
(14) to provide for the heating of the feed gas flowing in 
the clearances of the feed gas side heat transfer fin (15) , 

In this case, like Embodiment 1, the feed gas in the 
feed gas passage (3) which is being supplied to the reforming 
reaction section (6) is heated in the heat exchanger (14) 
through the heat exchange with the reformed gas in the 
reformed gas passage (11) heated to a high temperature by 
heat of reaction in the reforming reaction section (6) . 
Therefore, the heat of reaction in the reforming reaction 
section (6) can be recovered for the purpose of preheating 
the feed gas, and this self-recovery of heat can improve the 
thermal efficiency of the reformer (A) . 

In addition, since the heat of reaction in the 
reforming reaction section (6) heats the feed gas in the feed 
gas passage (3) in the above manner, a preheater for 
preheating the feed gas is formed integrally between the feed 
gas passage (3) and the reformed gas passage (11) , This makes 
the construction of the reformer (A) simple and compact. 

Further, in this embodiment, the heat recovery section 
(34) of annular space forming part of the feed gas passage 
(3) is provided in a portion of the feed gas passage (3) 
upstream from the heat exchanger (14) and the heat recovery 
section (34) is spaced away from the reforming reaction 
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section (6) and the- heat exchanger (14) so as to surround 
them. Therefore, heat dissipating from the reforming reaction 
section (6) and the heat exchanger (14) to the surroundings 
of the reformer (A) can be efficiently recovered by the heat 
recovery section (34) to heat the feed gas. As a result, the 
heat loss of the entire reformer (A) can be reduced so that 
the feed gas temperature at the inlet (6a) of the reforming 
reaction section (6) can be held at a temperature at which 
excellent catalytic reaction can be maintained in the 
reforming reaction section (6) . 

In addition, since the thermal insulator (22) 
functioning as a heat transfer rate control member is 
interposed between the heat recovery section (34) and both 
the reforming reaction section (6) and the heat exchanger 
(14), this enables heat recovery in the heat recovery section 
(34) with reduction in the distance between the heat recovery 
section (34) and both the reforming reaction section (6) and 
the heat exchanger (14) . Accordingly, even in the 
construction including the heat recovery section (34), the 
partial oxidation reformer (A) can be compacted. 

Further, since the heat recovery section (34 ) and the 
heat exchanger (14) are communicated with each other through 
the plurality of communication passages (32), (32), this 
simplifies the construction of the reformer (A) and 
facilitates insertion of the thermal insulator (22) to be 
interposed between the heat recovery section (34)- and both 
the reforming reaction section (6) and the heat exchanger 
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(14), i.e., between the housing (1) and the cylinder (35), 
thereby facilitating fabrication of the reformer (A) . 

Furthermore, since part of the reformed gas passage 
(11) leading from the outlet (6b) of the reforming reaction 
section (6) to the heat exchanger (14) is provided to 
surround the reforming reaction section (6), the periphery of 
the reforming reaction section (6) is covered with the 
reformed gas passage (11) so as to be thermally insulated. 
Accordingly, the temperature in the reforming reaction 
section (6) can be held at excellent catalytic reaction 
temperatures. In addition, since the reformed gas passage 
(11) leading from the outlet (6b) of the reforming reaction 
section (6) to the heat exchanger (14) is integrally formed 
around the reformed reaction section (6) in the above manner, 
this makes the construction of the reformer (A) simple and 
compact . 

Further, since the heat exchanger (14) is a parallel 
flow heat exchanger in which the feed gas in the feed gas 
passage (3) and the reformed gas in the reformed gas passage 
(11) flow in the same direction from the inlet side to outlet 
side of each heat transfer fin (15), (16), even if the gas 
flow rate changes in the reforming reaction section (6) due 
to a load variation of the reformer (A) , the gas temperatures 
at the inlet (6a) and outlet (6b) of the reforming reaction 
section (6) can be each held substantially at a constant 
value without being affected by the change in gas flow rate. 
That is to say, since the amount of heat exchange in the heat 
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ex-changer (14) is constant, for a heat exchanger of the type 
which causes the feed gas and the reformed gas to flow in 
opposite directions from inlet to outlet (see Embodiment 1), 
the heat exchange rate becomes excessive on reduction in gas 
flow rate so that the feed gas temperature at the inlet (6a) 
of the reforming reaction section (6) may rise excessively 
while the reformed gas temperature at the outlet (6b) may 
drop excessively. In this embodiment, however, since the heat 
exchanger (14) is a parallel flow heat exchanger, there never 
arise such a problem. 

In addition, since the heat exchanger (14) is a finned 
heat exchanger including heat transfer fins (15), (16) which 
extend along respective gas flows of the feed gas in the feed 
gas passage (3) and the reformed gas in the reformed gas 
passage (11), gas pressure loss in the heat exchanger (14) 
can be reduced and the heat exchanger (14) can be compacted. 

Further, since the heat transfer fins (15), (16) are 
bent in a corrugated shape, the heat transfer fins (15), (16) 
and by extension the heat exchanger (14) can be easily 
manufactured. 

Furthermore, since the heat transfer fins (15), (16) 
are fixed at their bent portions to the wall parts (la), (lb) 
of the housing (1) and the partition (2) by brazing, the 
contact thermal resistance of the heat transfer fins (15), 
(16) to the housing (1) and the partition (2) is reduced 
thereby ensuring stable heat exchange performance with volume 
production of the heat exchanger (14) (reformer (A)). 
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The communication of the heat recovery section (34) 
with the space between both the wall parts (la), (lb) of the 
housing (1) may be made by not the plurality of communication 
passages (32) (communication pipes (31) ) but a single 
communication passage (32) . 

Further, in the above embodiment, the heat recovery 
section (34) is disposed to surround both the reforming 
reaction section (6) and the heat exchanger (14) . However, 
the heat recovery section (34) may also be disposed to 
surround either the reforming reaction section (6) or the 
heat exchanger (14) . 

Furthermore, as shown in Figures 10 and 11 (Figure 10 
illustrates the heat transfer fin (15), (16) in its developed 
state), a large number of slits (17), (17), ... (openings) may 
be formed in portions of the heat transfer fins (15), (16) 
other than their bent portions. In this case, even if the gas 
passages (3), (11) in the heat exchange (14) are each divided 
into two sub-passages located at a heat transfer surface side 
thereof and its opposite side by the heat transfer fins (15), 
(16), gases in both the sub-passages are mixed through the 
slits (17) . This enables sufficient heat exchange of the gas 
in the opposite side sub-passage and provides high heat 
transfer performance at corners of the slit (17) . Accordingly, 
there arises the advantage of improving heat exchange 
characteristics of the heat exchanger (14) . 
(Embodiment 6) 

Figure 12 shows Embodiment 6, wherein the type of a 
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heat exchanger (14) is changed. Specifically, in this 
embodiment, the upper portion of a housing (1) has a double- 
wall structure consisting of an outer wall part (lb) located 
in the same level as the lower portion of the housing (1) and 
an inner wall part (la) connected to the outer wall part (lb) 
in gas-tight manner so as to be spaced a distance away from 
the inner periphery of the outer wall part (lb) , As a result, 
an annular space is created between both the wall parts (la), 
(lb) . This space is communicated at its upper end with a heat 
recovery section (34) in a cylinder (35) through a 
communication passage (32) in a communication pipe (31) 
passing through the outer wall part (lb) . The upper portion 
of the partition (2) is formed into a reduced diameter 
portion (2a) smaller in diameter than the lower portion 
thereof. The upper end of the reduced diameter portion (2a) 
is located near to the lower end of the space between both 
the wall parts (la), (lb) of the housing (1). The reduced 
diameter portion (2a) is communicated with the lower end of 
the space between both the wall parts (la), (lb) through a 
plurality of communication passages (30), (30), .... Thus, a 
feed gas passage (3) is formed for supplying the feed gas 
from the heat recovery section (34) to the inlet (6a) of the 
reforming reaction section (6) through the communication 
passage (32), the space between both the wall parts (la), 
(lb) of the housing (1), the communication passages (30) and 
the reduced diameter portion (2a) of the partition (2) , 

Further, the heat exchanger (14) consists of: an 
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annular reformed gas side porous material (25) of the same 
structure as that in Embodiment 4, which is disposed in a 
portion of a reformed gas passage (11) as a space in the 
inner wall part (la) of the housing (1) so as to be located 
above the reduced diameter portion {2a) of the partition (2) 
and closed at the top end thereof; and an annular feed gas 
side porous material (24) disposed in the feed gas passage 
(3) as a space between both the wall parts (la), (lb) of the 
housing (1) with its outer periphery fixed to the inner 
periphery of the outer wall part (lb) , Heat exchange is made 
between the feed gas in the feed gas passage (3) and the 
reformed gas in the reformed gas passage (11) by heat 
radiation from both the porous materials (24), (25). In this 
embodiment, the heat exchanger (14) is, unlike Embodiment 5, 
a counterflow heat exchanger in which the feed gas in the 
feed gas passage (3) and the reformed gas in the reformed gas 
passage (11) flow in opposite directions from inlet to outlet. 
Other structures are the same as those in Embodiment 5. 
Accordingly, also in this embodiment, the same effects as 
those of Embodiment 5 can be obtained. 
(Embodiment 7) 

Figure 13 shows Embodiment 7, wherein a reformed gas 
side heat transfer fin (16) of a heat exchanger (14) is 
disposed all around the inner periphery of a partition (2) . 

Specifically, in this embodiment, the partition (2) is 
disposed concentrically in a housing (1), an inlet side 
divider (27) having gas holes (28), (28), ... is placed in the 
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lower end portion of the inner space of the partition (2) so 
as to create a space with the bottom wall of the partition 
(2) , a reforming reaction section (6) is contained in a 
portion of the inner space above the divider (27), and the 
upper end of the inner space of the partition (2) provides a 
reformed gas outlet (12) . 

The top end of the housing (1) is closed so as to be 
connected to the outer periphery of the partition (2) . The 
lower end portion of a space between the housing (1) and the 
partition (2) is communicated with a feed gas inlet (4) in a 
feed gas entrance pipe (37), while the upper end portion 
thereof is communicated with a communication passage (30) in 
a communication pipe (29) passing through the upper end of 
the sidewall of the housing (1) . The lower end of the 
communication pipe (29) passes through the housing (1) and 
the partition (2) in gas-tight manner to communicate with the 
space in the partition (2) located below the inlet side 
divider (27) . Thus, a feed gas passage (3) is formed for 
supplying the gas at the feed gas inlet (4) from the lower 
end of the inner space of the housing (1) to the inlet (6a) 
of the reforming reaction section (6) through the space 
between the housing (1) and the partition (2) and the 
communication passage (30) in the communication pipe (29), 
and a reformed gas passage (11) is formed by a portion of the 
inner space of the partition (2) above the reforming reaction 
section (6) . 

Further, a parallel flow finned heat exchanger (14) as 
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in Embodiment 5 is disposed over the reformed gas passage 
(11) as the space portion above the reforming reaction 
section (6) and the feed gas passage (3) as the space between 
the housing (1) and the partition (2) . As shown in Figure 14, 
like Embodiment 5, a feed gas side heat transfer fin (15) of 
the heat exchanger (14) is fixed at its inner peripheral and 
outer peripheral bent portions to the inner periphery of the 
housing (1) and the outer periphery of the partition (2) by 
brazing. On the other hand, although a reformed gas side heat 
transfer fin (16) also has an annular shape as a whole like 
the feed gas side heat transfer fin (IS), only outer 
peripheral bent portions thereof are fixed to the inner 
periphery of the partition (2) by brazing but inner 
peripheral bent portions thereof are not fixed. 

Furthermore, an outlet side divider (39) is placed 
below the reformed gas side heat transfer fin (16), and the 
peripheral edge of the divider (39) has a large number of gas 
holes (28), (28), ... of through holes opened correspondingly 
to the position of the reformed gas side heat transfer fin 
(16) . Thus, the reformed gas having exited from the outlet 
{6b) of the reforming reaction section (6) is allowed to pass 
through the gas holes (28), (28), ... at the peripheral edge of 
the divider (39) so as to be forcibly guided to the reformed 
gas side heat transfer fin (16) . 

In this embodiment, the heat recovery section (34) as 
disposed in Embodiment 5 is not provided. 

According to this embodiment, there can be obtained the 
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effects provided by using the parallel flow heat -exchanger 
(14) . Namely, even if the gas flow rate changes in the 
reforming reaction section (6) due to a load variation of the 
reformer (A), the gas temperatures at the inlet {6a) and 
outlet {6b) of the reforming reaction section (6) can be each 
held substantially at a constant value without being affected 
by the change in gas flow rate. 

Further, since the heat exchanger (14) is a finned heat 
exchanger including heat transfer fins (15), (16) which are 
bent in a corrugated shape, gas pressure loss in the heat 
exchanger (14) can be reduced, the heat exchanger (14) can be 
compacted, and the heat transfer fins (15), (16) and the heat 
exchanger (14) can be easily manufactured. In addition, since 
the feed gas side heat transfer fin (15) of the heat 
exchanger (14) is fixed at its bent portions to the wall 
parts of the housing (1) and the partition (2) by brazing and 
the reformed gas side heat transfer fin (16) is fixed at its 
outer peripheral bent portions to the inner periphery of the 
partition (2) by brazing, the contact thermal resistance of 
the heat transfer fins (15), (16) to the housing (1) and the 
partition (2) is reduced thereby ensuring stable heat 
exchange performance of the heat exchanger (14) , 
(Embodiment 8) 

Figure 15 shows Embodiment 8, wherein basically a heat 
recovery section (34) is added to the construction of 
Embodiment 7 . 

Specifically, in this embodiment, no partition (2) is 
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provided inside of a housing (1), an inlet side divider (27) 
having gas holes (28), (28), ... is disposed in the lower 
portion of the inner space of the housing (1) so as to create 
a space with the bottom wall of the housing (1), and a 
reforming reaction section (6) is disposed above the divider 
(27) , 

Further, like Embodiment 5 (see Figure 8), the upper 
portion of the housing (1) has a double-wall structure 
consisting of an inner wall part (la) located in the same 
level as the lower portion of the housing (1) and an outer 
wall part (lb) connected to the outer periphery of the inner 
wall part (la) , An annular space between both the wall parts 
(la) , (lb) is communicated at its upper end with the space at 
the lower end of the inner space of the housing (1) through a 
communication passage (30) in a communication pipe (29) . The 
lower end of a space between both the wall parts (la), (lb) 
is communicated with the heat recovery section (34) in a 
cylinder (35) through a communication passage (32) in a 
single (or plurality of) communication pipe (31) . 

Further, like Embodiment 7, a feed gas side heat 
transfer fin (15) of a parallel flow finned heat exchanger 
(14) is disposed in the space between both the wall parts 
(la), (lb) of the housing (1), and a reformed gas side heat 
transfer fin (16) of the heat exchanger (14) as in Embodiment 
7 (see Figure 13) is disposed in an upper portion inside of 
the inner wall part (la) , The cylinder (35) forming the heat 
recovery section (34) is different in structure from that of 
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Embodiment 5, that is, no top and bottom walls (35c) , (35d) 
are provided and upper and lower ends of annular inner and 
outer sidewalls (35a), (35b) are directly connected together 
in gas-tight manner instead (in the illustrated example, the 
upper and lower ends of the outer sidewall (35b) are bent 
radially inward and then connected to the upper and lower 
ends of the inner sidewall (35a), respectively). 

Accordingly, in this embodiment, the same effects as 
those of Embodiment 5 can be exhibited. 
(Embodiment 9) 

Figure 16 shows Embodiment 9, In this embodiment, a 
partition (2) inside of a housing (1) is formed of a double- 
wall structure consisting of inner and outer sub-partitions 

(2b), {2c) concentrically spaced from each other. The lower 
end of a space between both the sub-partitions (2b) , (2c) is 
closed in gas-tight manner by an annular bottom wall (2d) , 
while the upper end of the space is open. Further, an inlet 
side divider (27) having gas holes (28), (28), ... is placed in 
the lower end portion of the inner space of the inner sub- 
partition (2b), and a reforming reaction section (6) is 
contained in a portion of the inner space above the divider 

(27) . On the other hand, a reformed gas side heat transfer 
fin (16) of a parallel flow finned heat exchanger (14) is 
disposed at the upper end of the inner space of the inner 
sub-partition (2b) like Embodiment 7. The annular space 
between both the sub-partitions (2b) , (2c) is divided 
substantially at a vertically midportion thereof into 
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subspaces by an annular divider (41) . In the upper subspace 
thereof, a feed gas side heat transfer fin (15) of the heat 
exchanger (14) is contained and fixed by brazing. The inner 
end of a communication passage (32), which coimnunicates at 
its outer end with a heat recovery section (34), is connected 
to the space between the inner and outer sub-partitions (2b) , 
(2c) at a portion thereof located between the feed gas side 
heat transfer fin (15) and the divider (41). Thus, the feed 
gas, having been supplied from the heat recovery section (34) 
to the portion located above the divider (41) in the space 
between the inner and outer sub-partitions (2b) , (2c) through 
the communication passage (32), passes through the feed gas 
side heat transfer fin (15), is introduced from the upper end 
of the space between the inner and outer sub-partitions (2b) , 
(2c) into the space between the housing (1) and the outer 
sub-partition (2c) , flows through the space around the outer 
sub-partition (2c), and is then supplied to the inlet (6a) of 
the reforming reaction section (6) . A cylinder (35) forming 
the heat recovery section (34) is the same structure as that 
in Embodiment 5. 

Other structures are the same as those in Embodiment 5, 
Accordingly, also in this embodiment, the same effects as 
those of Embodiment 6 can be exhibited. 
(Embodiment 10) 

Figure 17 shows Embodiment 10, wherein a reforming 
reaction section (6) is divided. 

Specifically, in this embodiment, like Embodiment 6, 
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the upper portion of a housing (1) is formed of a double-wall 
structure consisting of an outer wall part (lb) located in 
the same level as the lower portion of the housing (1) and an 
inner wall part (la) connected to the inner periphery of the 
5 outer wall part (lb) . An annular space is created between 
both the wall parts (la) , (lb) , and this space is 
communicated at its lower end with a heat recovery section 
(34) in a cylinder (35) through a communication passage (32) . 

^ The cylinder (35) is, like Embodiment 8 (see Figure 15), 

10 formed by directly connecting the upper and lower ends of the 

U inner and outer sidewalls (35a), (35b). 

^^"i The upper end of a reduced diameter portion (2a) as the 

O upper portion of a partition (2) is located near to the upper 

m end of the space between both the wall parts (la), (lb) of 

a 15 the housing (1) . The reduced diameter portion (2a) is 
communicated with the upper end of the space between both the 
wall parts (la), (lb) through a plurality of communication 
passages (30), (30), .... Thus, a feed gas passage (3) is 
formed for supplying the feed gas from the heat recovery 
20 section (34) to an inlet (6a) of the reforming reaction 
section (6) through the communication passage (32), the space 
between both the wall parts (la), (lb) of the housing (1), 
the communication passages (30), (30), ... and the reduced 
diameter portion (2a) of the partition (2) . 
25 Further, in a portion of the feed gas passage (3) which 

is the space between both the wall parts (la), (lb) of the 
housing (1), a feed gas side heat transfer fin (15) of a 
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parallel flow finned heat exchanger (14) is fixed by brasing 
at its outer and inner peripheries to the inner periphery of 
the outer wall part (lb) and the outer periphery of the inner 
wall part (la), respectively. In a reformed gas passage (11) 
which is a space between the inner wall part (la) and the 
reduced diameter portion (2a) of the partition (2), a 
reformed gas side heat transfer fin (16) is fixed by brazing 
at its outer and inner peripheries to the inner periphery of 
the inner wall part (la) and the outer periphery of the 
reduced diameter portion (2a), respectively. 

The reforming reaction section (6) is divided into a 
columnar first reaction section (43) located in the lower 
portion of the partition (2) and an annular second reaction 
section (44) provided around the first reaction section (43), 
i.e., in a space between the lower portion of the inner space 
of the housing (1) and the lower portion of the partition (2) . 
An inlet of the second reaction section (44) located at the 
lower end thereof communicates with an outlet of the first 
reaction section (43) located at the lower end thereof 
through a space between both the bottom walls of the housing 
(1) and the partition (2) , A gas flow in the first reaction 
section (43) is directed downward, while a gas flow in the 
second reaction section (44) is directed upward. The both the 
reaction sections thereby have gas flows in opposite 
directions . 

Accordingly, in this embodiment, the feed gas from the 
heat recovery section (34) is supplied to the space between 
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the dinner and outer wall parts (la), (lb) of the housing (1) 
past the cominunication passage (32) , heated in the feed gas 
side heat transfer fin (15) of the heat exchanger (14) and 
then introduced into the inlet (6a) of the reforming reaction 
section (6) through the communication passages (30), (30), 
and the reduced diameter portion (2a) of the partition (2) . 
On the other hand, the reformed gas produced in the reforming 
reaction section (6) passes through the space (reformed gas 
passage (11)) between the inner wall part (la) of the housing 

(1) and the reduced diameter portion (2a) of the partition 

(2) , undergoes heat absorption in the reformed gas side heat 
transfer fin (16) of the heat exchanger (14) and then reaches 
a reformed gas outlet (12) . 

During the time, the first reaction section (43) of the 
reforming reaction section (6) is thermally insulated by the 
second reaction section (44) which surrounds the first 
reaction section (43) , because the reformed reaction section 
(6) is divided in series into the first reaction section (43) 
in the partition (2) and the second reaction section (44) 
provided around the first reaction section (43) and gas flows 
in the first and second reaction sections (43), (44) are 
directed oppositely. Accordingly, the inner temperature of 
the reforming reaction section (6) can be held at high 
temperatures. In addition, by forming the reforming reaction- 
section (6) itself in a double-wall structure, the 
construction of the reformer (A) can be simplified and 
compacted. 
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(Embodiment 11) 

Figure 18 shows Embodiment 11, wherein the positions of 
the feed gas side heat transfer fin (15) and the reformed gas 
side heat transfer fin (16) of the heat exchanger (14) in the 
construction of Embodiment 10 (see Figure 17) are changed to 
each other. 

Specifically, in this embodiment, the upper portion of 
a partition (2) is partially formed in a double-wall 
structure consisting of concentrically disposed inner and 
outer sub-partitions (2b) , (2c) , and an upwardly opening, 
bottomed annular space is formed between both the sub- 
partitions {2b), (2c). Further, one end of the outer wall of 
the outer sub-partition {2c) is closed in gas-tight manner by 
a domed top wall {2e) such that a clearance is left above the 
upper end of the inner sub-partition (2b) , Furthermore, a 
feed gas side heat transfer fin (15) and a reformed gas side 
heat transfer fin (16) of a parallel flow finned heat 
exchanger (14) are disposed in the upper portion of the space 
between both the sub-partitions (2b) , (2c) of the partition 
(2) and in the space between the outer sub-partition (2c) and 
the housing (1), respectively. Further, a communication 
passage (32) extending from a heat recovery section (34) is 
communicated with the lower end of the space between both the 
sub-partitions {2b), {2c) of the partition (2). Thus, the 
feed gas, having been supplied from the heat recovery section 
(34) to the lower end of the space between both the sub- 
partitions (2b), {2c) of the partition (2) past the 
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communication passage (32), is heated in the feed gas side 
heat transfer fin (15) of the heat exchanger (14), introduced 
into the inner sub-partition (2b) through its upper end, and 
then supplied to a first reaction section (43) of a reforming 
reaction section (6) . 

Accordingly, also in this embodiment, the same effects 
as those of Embodiment 10 can be obtained. 

In each of the above embodiments, the reforming 
reaction section (7) is formed of a monolith. In this 
invention, however, a reforming reaction section loaded with 
particulate catalysts can be used. Further, it goes without 
saying that the present invention is applicable for reformers 
to be used for systems other than the fuel cell system as 
shown in the above embodiments. 

Industrial Applicability 

According to the present invention, in producing 
hydrogen used for fuel cells and hydrogen engines by 
reforming feed gas containing hydrocarbon or methanol by 
partial oxidation reaction in a reforming reaction section, 
temperature variations in the reforming reaction section can 
be reduced, the feed gas can be preheated by heat of reaction 
in the reforming reaction section to improve the thermal 
efficiency by self-recovery of heat, and the preheater for 
preheating the feed gas can be integrally formed to compact 
the construction of the reformer. Accordingly, the present 
invention has a high industrial applicability in that fuel 
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cells and hydrogen engines can be improved in practicability. 
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^ CLAIMS 

1, (Deleted) 

2, (Amended) A partial oxidation reformer having a reforming 
reaction section (6) for producing hydrogen-rich reformed gas 
from feed gas by reaction including partial oxidation, 
characterized in that: 

said reformer includes a cylindrical housing (1) and a 
cylindrical partition (2) that is disposed in and spaced away 
from the housing (1) and internally provided with the 
reforming reaction section (6) ; 

a reformed gas passage (11) that communicates with an • 
outlet (6b) of the reforming reaction section (6) is provided 
in the partition (2) and a feed gas passage (3) that 
communicates with an inlet (6a) of the reforming reaction 
section (6) is provided between the housing (1) and the 
partition (2) ; and 

a heat exchanger ( 14 ) is provided for exchanging heat 
between the reformed gas in the reformed gas passage (11) and 
the feed gas in the feed gas passage (3) . 

3. (Deleted) 

4. (Amended) The partial oxidation reformer of Claim 2, 
characterized in that a heat transfer rate control member 
(10) is provided for controlling the rate of heat transfer 
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between ±he reforming reaction section (6) and the feed gas 
passage (3) . 

5. The partial oxidation reformer of Claim 4, characterized 
in that the heat transfer rate control member (10) is of 
fire-resistant thermal insulant, 

6. (Deleted) 

7. (Deleted) 

8. (Deleted) 

9. (Amended) The partial oxidation reformer of Claim 2, 
characterized in that the reforming reaction section (6), the 
feed gas passage (3), the reformed gas passage (11) and the 
heat transfer rate control member (10) are provided 
integrally in the housing (1) . 

10. (Amended) The partial oxidation reformer of Claim 2, 
characterized in that the reforming reaction section (€) is 
formed of a monolith (7) with a honeycomb structure, 

11. (Deleted) 



12. (Deleted) 
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13. (Amended) The partial oxidation reformer of Claim 2, 
characterized in that 

the heat exchanger (14) includes heat transfer fins 
(IS), (16) that are presented to the feed gas passage (3) and 
the reformed gas passage (11), respectively, and run along 
respective gas flows in the feed and reformed gas passages, 
and 

the heat transfer fins (15), (16) are bent in a 
corrugated shape. 

14. (Amended) The partial oxidation reformer of Claim 13, 
characterized in that the heat transfer fins (15), (16) are 
fixed to surrounding walls by brazing. 

15. (Amended) The partial oxidation reformer of Claim 13 or 
14, characterized in that the heat transfer fins (15), (16) 
are each formed with slits (17) . 

16. (Amended) The partial oxidation reformer of Claim 2, 
characterized in that the feed gas passage (3) is provided at 
a portion thereof upstream from the heat exchanger (14) with 
a heat recovery section (34) formed of a substantially 
annular space which is located away from the reforming 
reaction section (6) or the heat exchanger (14) to surround 
at least one of the reforming reaction section (6) and the 
heat exchanger (14) . 
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17, The partial oxidation reformer of Claim 16, characterized 
in that a heat transfer rate control member (22) is 
interposed between the heat recovery section (34) and the 
reforming reaction section (6) or the heat exchanger (14) . 

5 

18, (Deleted) 

19, The partial oxidation reformer of Claim 2, characterized 
in that the reformed gas passage (11) may be provided in the 

10 vicinity of the reforming reaction section (6) to communicate 
the outlet (6b) of the reforming reaction section (6) with 
the heat exchanger (14) therethrough. 

20, The partial oxidation reformer of Claim 2, characterized 
15 in that 

the reforming reaction section (6) is divided into a 
first reaction section (43) and a second reaction section 
(44), the second reaction section (44) being provided in the 
vicinity of the first reaction section (43) to communicate at 
20 an inlet thereof with an outlet of the first reaction section 
(43), and 

the first and second reaction sections (43), (44) have 
gas flows in opposite directions. 

25 21, (Deleted) 
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ABSTRACT 



Hydrogen-rich reformed gas is produced by reaction 
including partial oxidation of feed gas in a reforming 
reaction section (6) . In this case, for the purpose of 
reducing temperature variations in the reforming reaction 
section (6), improving the thermal efficiency thereof and 
providing a reformer (A) with a simple and compact 
construction, the reformer (A) is formed in a double-wall 
structure consisting of a housing (1) and partitions (2) , (2) 
inside of the housing (1), the reforming reaction section (6) 
is contained between the partitions (2) , (2) , and a feed gas 
passage (3) is provided by the space between the housing (1) 
and the partition (2) , In this manner, the feed gas passage 
(3) is provided in the surrounding area of the reforming 
reaction section (6) . The reforming reaction section (6) is 
thermally insulated by the feed gas passage (3) so that 
temperature variations in the reforming reaction section (6) 
can be reduced* The feed gas in the feed gas passage (3) is 
preheated by heat of reaction in the reforming reaction 
section (6) so that the self-recovery of heat can improve 
thermal efficiency of the reformer (A) . In addition, a 
preheater for preheating the feed gas can be formed 
integrally between the feed gas passage (3) and the reforming 
reaction section (6) thereby compacting the construction of 
the reformer. 
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1 David S. Safran (Reg. No. ZLS^ Thomas W. Cole (Reg. No.2&220^ 

S Donald R. Studebaker (Reg. No. 32.815^ Jeffrey L. Costellia (Reg. No^_3SJSa) 

rT Tim L. Brackett (Reg, No. 3^,02^ Eric J, Robinson (Reg. No. 38.285) 
Robert M. Schuiman fRee. No. 31 JM) Thomas M, Blasev (T^ee. No^ 33,475) 


Send Correspondence to: Nixon Peabody LLP ^ 

kcLean, Virginia 22102 


Direct Telephone Calls to: 

(name and telephone number) 

Donald R. Studebaker 
(703) 790-9110 


I hereby declare that all statements made herein of my own knowledge are true and that ail statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 

The undersigned hereby authorize anv U.S. attorney or agent named herein to accept and follow instructions from Maeda Patent Office as to anv 
action to be taken in the Patent and Trademark Office regarding this application without direct communication between the U.S. attorney or agent and 
the undersigned. In the event of a change in the persons from whom instructions may be taken, the U.S. attorneys or agents named herein will be so 
notified by the undersigned. 


FU^^AME OF SOLE OR FIRST INVENTOR 
Yasunori OKAMOTO 


INVENTOR'S SIGNATURE 


DATE 

Ai:j.a:ust 20. 2001 


RESIDENCE (City,<St^te^oyitry) 
jOsa^ Japan f /\ 


CITIZENSHIP 
Japanese 


POST OFFICE ADDRESS (Complete Address including City, State & Country) 
c/o Kanaoka Factory, Sakai Plant, DAIKIN INDUSTMES, LTD., 

1304, Kanaoka-cho, Sakai-shi, Osaka 591-8511, Japan 



FULL NAME OF SECOND JOINT INVENTOR (if any) 



iNobuki MATSUI 



INVENTOR'S SIGNATURE 



RESIDENCE (City, State & Country) 
Osato^ Japan "^^p 



DATE 



August 20, 2001 



CITIZENSHIP 
Japanese 



POST OFFICE ADDRESS (Complete Address including City, State & Country) 

c/o Kanaoka Factory, Sakai Plant, DAIKIN INDUSTMES, LTD,, 
1304, Kanaoka-cho, Sakai-shi, Osaka 591-8511, Japan 



FULL NAME OF THIRD JOINT INVENTOR (if any) 

^huji IKEGAMI^ 



INVENTOR'S SIGNATURE 




RESIDENCE (City, Stat^& Country) 

Osatot, Japan Y 



DATE 



August 20^ 2001 



CITIZENSHIP 
Japanese 



POST OFFICE ADDRESS (Complete Address including City, State & Country) 
M Kanaoka Factory, Sakai Plant, DAIKIN INDUSTRIES, LTD,, 
^4, Kanaoka-cho, Sakai-shi, Osaka 591-8511, Japan 



i- 




NAME OF FOURTH JOINT INVENTOR (if any) 
YONEMOTO 



INVENTOR'S SIGNATURE 



DATE 



August 20, 2001 



F^IDENCE (City, State 

Qsaka, Japan 



^Cc^ntry) 
A 



CITIZENSHIP 
Japanese 



PgST OFFICE ADDRESS (Complete Address including City, State & Country) 

Kanaoka Factory, Sakai Plant, DAIKIN INDUSTRIES, LTD,, 
1^4, Kanaoka-cho, Sakai-shi, Osaka 591-8511, Japan 



q^L NAME OF FIFTH JOINT INVENTOR (if any) 



Eisaku OKUBO 



INVENTOR'S SIGNATURE 



RESIDENCE (City, State^ 

Osaka, Japan 




DATE 



AuRUst 20^ 2001 



CITIZENSHIP 

Japanese 



POST OFFICE ADDRESS (Complete Address including City, State & Country) 
c/o Kanaoka Factory, Sakai Plant, DAIKIN INDUSTRIES, LTD., 
1304, Kanaoka-cho, Sakai-shi, Osaka 591-8511, Japan 



NAME OF SIXTH JOINT INVENTOR (if any) 



Isao OHGAMI 



INVENTOR'S SIGNATURE 



RESIDENCE (City, State 
Osaka, Japan r 




DATE 

August 20, 200 



CITIZENSHIP 

Japanese 



POST OFFICE ADDRESS (Complete Address including City, State & Country) 

c/o Kanaoka Factory, Sakai Plant, DAIKIN INDUSTRIES, LTD., 
1304, Kanaoka-cho, Sakai-shi, Osaka 591-8511, Japan 



